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(54) LEVEL SHIFTER WITH LOW AREA CONSUMPTION 

(57) Abstract: 

PURPOSE: A level shifter with low area consumption is provided, 
which is realized using small area on a P type substrate or a N 
type substrate. 



CONSTITUTION: According to the level shifter integrated on a P 
type substrate, the first level conversion part(100) responds to 
an input signal(IN) and outputs a potential level between a 
power supply voltage(VDD) and the first voltage(Vpos) higher 
than a low voltage(VEE) using the power supply voltage and the 
low voltage as power supplies. The second level conversion part 
(200) generates the second voltage swinging between the first 
voltage and the low voltage by receiving an output of the first level conversion part as an input. The first inversion part 
(300) generates an output voltage swinging between the power supply voltage and the low voltage by an output of the 
second level conversion part having the potential level between the first voltage and the low voltage using the second 
voltage and the power supply voltage as power supplies. And the second inversion part inverts an output of the first 
inversion part. 
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6m, asa^a xia&§ oho* xia&sa- ^§ mm fee m aa:» sssa afoipj a^i aims #^sfe am am g^¥; ^01 

an am ^t^si sjsjssskh »ao a^oim ^ss^ m 2 asrs aastfe ^12 am » m\ m asa 2^ 

aa» ssi^s §Foj ^31 nn a a a- xias- ai-oi^i a^ame ^xit £>oi si 2 am £^¥^j e^oii ^moi aaaaa Has moim ± 
safe m^&^w ^^6^ nn «^a¥ &! m 6Pi »n ya¥°j s^m eiasib ui2 &a*» stmoj oi^cnaEh 

£3 
SAIIA1 

£ 1B #BH2J am 4HHEH2] &A|| SISE. 

£ 2^ 3iea?|3* PEHHJ ai^ 4HHEj§ ^?£6fe 9_! tH EH HI JH^E. 
S 38 ^ iJSOil 0>e S3 4:231- 3^ ai^ 4HHEH2J gJ^JAIOjl. 
£ 4£r g Cf^ MM0\\. 

* ¥Moii mm 

100 : nn am 200 : x-112 am 

300 : 1111 U J2¥ 400 : HI 2 M¥ 

s ^38 am 4hhehoii mm #^8f^ am ^ eh oil 501a. 

i 

i^2£ am 4-iheh^ xia» amoiiAi §^6^ ^j^^i naa amoiiAi e^ofe siss aervin Angha, oiia eo^ 3v^ 
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£ 1g e^HHJ ai^ <MHEH^Ai, £!S(IN)« E!W 0(1 0)2h gJ*g aaa8KVDD)OII 2132 }|0!Mfe EJ^ as>(INm °P>g* 

fcr PMOS(11)2f. }]0|e±~ oitfl E -KlO)Hj g^BOII £g£ia gj*£ aaa8KVDD)0|| 2192 E}^g MEKOUT)S §£ofe PMOS(1 
2)£h B^ aHxl^ ^£301 gJ^£ £PI PMOS(11)°l Ei^H} 2^£ia Ef^'g Xia2HVEE)01l SaHIl ^lOl^fe £PI #^&(OUT) 

Oil NMOS(13)2f, S^g £PI g^B(OUT)0|| £^£ja El^^ JHS8KVEE)0II 2^£ia ^lOIMfe PMOS(11)2l Ef^Oil 319^ 

NMOS(14)» H»SKM 0!¥OiaCK 

#:>ie =?&°\ am 4hhei£i s 1 m s^oi « asta a§i bck 

£!£(IN)3I- ^ aiHOIB. PMOS01PI- £!££ja PM0S(12)^^ a £JOi icH AOll olOI aiiUM xFXIBCh 

OlOiAi, £PI NM0S(14)b A^ »0I MBIOIHS ©££|01 Ha8KVEE)« ±— B(OUT)«| Alfe XHS8KVEE)0I «ejSJI 

8D. 

0\3\M, Xia&(VEE)e SXia&SQ CH^ a»* ttWte 32^, 0|£-)& Xia£KVEE)g a^XhM ^fi^ affe LCDS] IHIOIM ^§ 

HBfoiwu sei mi^eoiiAi 3J&S AJSBO. 

01 01 /J. gJ^aa(IN)^ oKDI SOIAI, £! bH E\ (1 0)0|| A) ^¥ aiBUOl #^£101 PM0S(12)» AI3IHS aSSBKVDDpJ PMOS(12)« 

s^ofoi b, ^ ftB(aers aaaeKVDDjaisis an^i ej^^on)^ sjsiai #^oiiai^ aaaeuvDDja »a»(VEE)Ajoi 
it ±m&n bd. 

asm 6Pia am ^MEife, oiaiib £j^s(!N):n aaaa(VDD)a Ha'a(VEE)» ^iofb ok s^u^ai s^sjos Afg£ib pei^j 

gsisisoiiAife A[§£i^ a^e ^ aaoi Jiea^oi shs, nmosm a 3 ass ^bai e&^ei pei^ ?ie&oii ?^s^i sb 
axia&oii dimoj oh ° aaeKVEE)insoii nmoshj jioimoii aaaa(VDO)a »aa(VEE)Awi« ±s»te si^a^ sis 

. SaiOIH El ^( break down)B4fS EJ^CH! £1°^ 2!fflE|(10)« NMOS^ ?B3PPt OIBCh 

5B, ^^l eitHEi(10)M PMOS^ =?&oW\ EIH. &^A| U¥»»0| ^ol PMOS2] ^^OH^Oil £ 2 Oil £AIS WSf ^01, PMOSSi 

oil xi^^oi e x-ige s^ahoi MgsK)ioj 6^h^ s^mi^^i a^ph ^zi^ ^ai^ 2ia. 

SE§^, fef^l 3HM £Hx|S NMOS 13, 14fe J^H A2f B2| a^M SHxIo^H^, PMOS(11)2f NMOS(13)0| ^AIOII ©S£l^ 91 

^oi aioi^j a^s »n«pi ^imoi nmos(i 3)011 oish a^ ?e ^^01 pmos(h)2j b^is ch^ a» sho^ sfhs ^pi NMos(i3)2f 

PMOS(11)5j 2 S|ti| (aspect ratio)S 0H¥ a^il 8H0f»O. 

OliaQI. HBHSie! CMOSS S^sl^OllAi NMOS2f PMOS°] S^!b I (aspect tat\o)D\ 1:4 PEISJ 5IS0II ^^l PMOS(11)2f 

NMOS(13)°J S^bl^ 1:8 ~ 1:10 Oil Ol^l a CH S^U^HAI S^JOI a^il e^S^fe S^llgOl 

aim siseroii a =^01 2iP. 



e 2^1 ^S^l ai^ 4H5EH0II >jo^ oiS g PEIS ^l&^OII S^£J^ #m ^IHEIOII 910] M , £J^£lj|>Oil S& 

o^a, aaa^3[ xm&m 2^2^ moi x-ia^ap ±% am an a^a aaae* awisi a« ai^e s^a^ an am s^v; 
an am ^^¥2j m^m q^^^biw an seo xna^ afois ^^s^ ai2 a^e asofb ai2 am ^^¥; ^ ^^1 ai2 a^m aa 
a^i of 01 401 an a»a xiaa afoisi a^ame ^nife #21 ai2 am ^&¥°j s^oii ^b\o\ aaa^a x-ia^ afois ^ 

saffe #^a^e ^^sf^ an ^a¥ ^ ^^1 an ya¥°j eissfb ai2 w¥§ s^sioj oi^cnaa. 



se«[. e b 5 ^°i a§ am ^hei^, nei° ! ^ie^oii am ^heioii 9Xo\m, 2}^&m.m g&aia, aa^si xia^e aa°s a^ 

aaeiMa ^§ am an a&ia- aa^ moisi a?i ame s^ahb an am ^^¥; an am £^¥°i m^m ^j^^^sfoi a 
a^3[ an a^ Mo\m ±mmt= ai2 am ^^¥; ^ h ^i sxi^^isi aa^e aa^s moi ^01 an a^3f aaeuwisi a^iamg ^^1^ 

ai2 am ^^¥£j #^011 sia^ aa^^i sxi^^i aioim ^§§fb an &ia¥; s 4^1 an ^a¥2i eiaa^ ai2 ^a¥# 
sbwoi oi^oiaa. 



oioK e ^soi pi^mok)iiai s^°i ii^m ^ia xph g ^i^^i Ah^e goia^i ^ai^ 4^ aie §5E^ ^/diai asapi ^\o[ 
o\, s wasi tresis ^Aioiis s¥§ £s§ s^mot aespis bp. 

s 3^ a ^£6fb am ^heisi ^^Aioiie UEitHQf. 

£ 3e s^ais, pEfgj ^le^oii s^isfe am -hheioii sioiAi, gj^as(iN)oii e&a^a, aaa^(VDD)^ xna^(VEE)e 2^2^ oK>i 
»aeKVEE)fia ^§ am an a^(vpos)^ aaa^(VDD) aioihj a^i ame #^ah^ an am £&¥doo)2h an am 
¥doo)2i mmm a^sssjoi an aatvposja xia^(VEE) moim ^gsfb ai2 a»(vi)» ^saaf^ ai2 am ^^¥(200) si £Pi ai2 
aa(vi)a aaa&(voo)e s^2§ 'sfoi ^ 
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i\ an aa(vpos)a» xiaeKVEE)AK>i2i a^ane &d\ ai2 an e^¥(2oo)2j 
oil 2i«K« aaaatvDD):* saa(VEE) Mo\m ±mm^ aoiaaa ^^§fb an aa¥(3oo) sy ■ oi^oiao. 

^ai^iss, nn an £^¥(ioo)br, aaae*(VDD)a- nasuvEE) Atoioii ^iis ojweh s^sioi, 2*2*21 ^ioim^ s^acn 
£i^a^oii aestte an pmos ai an nmosm s»»oi aiai 

swi M2 an g&¥fe. spi an a&(vpos)a hsskvee) afoioii ^\m^ ejtHBt ^laoi, 2*2*21 jioi^fe 401 an an £i^¥2i asje 

Oil 5§2^ £^£lter fl| 2 PMOS SHI2 NMOSS SS5h0l «AI 9^301, 

«5i an api ai2 a^uvim xiaeuvEE) a^oioii eitHEi ^gatu, 2*2*21 Moist £*?i si 2 an £€^¥2j s^boii g§ 

2§EJ£r Xi|3 PMOS S^ai3 NMOSS S»8K)I s A! ^?£!@0. 

^£21 £ S**a £ 3g S^5f01 ^ Ail 61 AI98^I£ »Q. 

e±xn, #21 an an h«¥Ooo)oii a^at h^sunpj ^¥ ansJAi, 121 ag*e aaae*(VDD)oi s:n zmti^ww mo\ an 
siai. 121 bbs £> h ?i an a»(vposp* . 

ot?i/d. 6K>i an aa(vpos)a axiae*a saeKVEE) mo\s>\ ae*ss/d HaeKVEE>oii aiwoi ^ k 3mxi 4vsss aaoi an. 

SS(4s!S(IN):H ^¥ ail^lIHfcr tE 1 2J Sg*0| Xia&(VEEp> SOiOt 6PI PMOS(101)2f NMOS(102)S S2(S£»A| B^iHK 

aspect ratio)B 5 §31- 01 XI1 1 ag*(Vpos)2|- 2E«»». 

«5|A|. &DI NMOS(102)2J S^blg 5§6HI S3 8f0| ai!2| gje<£j£0N)a B!^»«A| Sa8KVEE)a S^SFXI £J2 Be{£!S2| Bfl^ 
0 - 3.3U 3? id 25 El XI 8*br BM^ B*«ttO. 

eo^ai, «3i an an £^¥doo)2j aa a &(vdd)j» an ae*(vpos)z*a ^aapi ao. 

oicHM. an an ^¥(100)21 ^01 an aatvposja aaaa(vDD)Aioia ^§s*hs. &d\ ai2 an £tF¥fe an ae*(vpos)» 
an a^(vpos) aa yts naatvoDja oissw e^moio^ §>o. 

oioiaj, &di xiaa(vDD)a an aeKvpos)a ^uafe £>oi a 2 an £&¥(2oo)2j s^ei si 2 ae*(vi)a £J^^ sit an »a¥(3oo) 
oii/d aaaa(VDD)a nas(VEE)Awi» m £S(fuiiswing)»3ii sum, ^pi ai2 ^a¥(4oo)oiiAi hd\ an »a ¥000)21 ^amot 
Ej^sdNm ?\&m ^ci. 

(neu-i, s Bta2i aiw 4^1 hei^ aixidatch)* Mmo\x\ ^2hs aioi^j ^^01 i,^eioi, 21^21 aa¥(ioo. 200, 3oo)m ^aaf^ nmos 
2f PMOS2] b»op( an &o[E: ao. 

£4§ srs6^ f NEf ^ie^oii ai^ 4hheioii ^oi a], b^^soii §&6Q, na^(vpp)5f assfi aa^s afoi ^a^(vpp) 

so ^§ ai^ an a^(vi)a na^(vpp) afoi°i a^i ai^e #^on= an ai^ ^^¥(5oo)2f, &j\ an aisy ^^¥(soo)2j s^e 
s^osmoi naatvppja an aa(vi) mois ^ieib ai2 aita ^^¥(600)21. ^^1 sxi^^i(vss)2i nasnvppm aa^^ mo\ & 
^1 an aa(vi)a na^(vpp)Moi2) a?iai^^ ^xi^ ^^i ai2 aiai ^^¥(600)2] #^oii 210^ na&(vpp)a sxi^?i(vss) moim 
±§6ib an ea¥(7oo) m a?\ an ^a ¥(700)21 m^m Basjfc ai2 Ba¥(soo)« s»»oi oi^otao. 

^p^i5jH^, fet^i an an ^&¥^ naacvppja sxi^^kvss) afoioii *\m^. 9iu\E\ ^^sdi, 3*2*21 ^101^^ s§2^ s^aoi ^01 

oi^ai^- ^26[b PMOS(510)2f NMOS(520)» S85J0I AIAI ¥^£IW. 

ai2 ail ^ef¥^. Ha^(VPP)^ SXI^^(VSS) Al-OI Oil ojbHEH 3g£|01, 2*2*21 ^IIOIMfe 6f?l ail ail ^1^¥2| 

Oil i§2S 2^£J^ PMOS(610)2f NMOS(620)^ MAI ¥££I01, 

^^j ^111 M¥b, 6f3l ai2 ail ^^¥(600)2J M^Oll §&§[2, Ha^(VPP)3f SX|^¥](VSS) Ah 0 1 Oil &j LH EH 3^£IW, 2*2*2| Til 

OIM^ ^Tl ai2 ail 2if¥2J ^^BOil g§2^ S^£l^ PMOS(710)2f NMOS(720)M S8oh0j ^A| ^^SJCH. 

ai2 u J2¥b, an aa¥(7oo)2i m^m i&sm, na^(vpp)^ gxi^^i(vss) moioii °iv\e\ ^^£im, 2*2*21 tiioim^ 

an ^a¥2| S^E+Oll g§2^ 21Sb PMOS(810)2f NMOS(820)^ ^Al ^SQO. 
OloK £ 4ff S58h« 6*3I» ^^2^ S U90II CH^Oj ^AHIol ^gefE^ t^O. 

ea, ^^i s^^s^f 3^ an -hhe^i- nosi 3ib6*oii s^sh^, anoi ej^aAi 4^1 an an ^^¥(500)21 nae*(vp 
p)j» an ae*(vi)A^ois ^as^i so. 

oi^iAi, nastvppjs e^^o] aaag*(3.3 ~ svjmo 2^22 10 ~ 2ovchi oi^^ aE*oicn, an aatvus ^^i naa- 
(vpp)oiiah ±m a so ~ 4V) ae*oio. 

6*^l PMOS(510)2f NMOS(520)2j £3blM 5§6f0| 2J^<M^(|N)^ ail^CCH ail afi*(V1)0l SSSAI, NO^J 3 IB Oil 

sfe 401 pmos(5io)^f ^ anoi eiPfAi «aioiB o@ @ ^ ^eh^i- ^xiaxi so. 

oiojAi, nas(vpp)3j an aatvija ^asFfc 4^1 an an ^¥(500)21 #^01 ^1 ai2 an £^¥(6oo)oii °]D\si& t hd\ pmos(6i 

0)2f NMOS(620)0|l 2*2* HH8*(VPP)a ail a§*(V1)0l ^^£JCH 9XH ae*2| S^l SE§1 4^1 PMOS(610)2f NMOS(620)CHI 

ae* s^2f ^oo^ m &m ^^¥2i #^oii oja^oi ai2 aioi¥oii as moi^ ^swi so. 
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»I1 yE¥(700)0IIAI*= £ 30\\M dta SOI. #31 SI 2 am £J^!£^ 8 }oi ma8KVPP)j» SXI^^(VSS) Al- 

01 ■ g £fl(full swing)6f^il 32 fl|2 &S¥OII/dte ^1 EH 2!^s(IN)» as ?I#S BCf. 

0I6KM/H ggSI dfSf HO! S igg a^eJ tfAIOII % §¥@ £2 011 2JoH SSSfe 501 OH-IH. S ^SOI 3|#^ Al#S 210IUXI 0 
¥1 LHOII/d OjEH ^X| 21* » £301 ^teSOl & USOI *8tte 5I*«0K)IIAI «#2| Xi*IS ^S^OOl ^01 B^ltt 3!0|Ch 



6PI» bhStt HOI S ggg, PEf°J EEfe NEI2J 3IB0II S^jg At 3 8} 04 91 HI ?SB«I 2iCH. Olfl« A>38hXI SJg^^AI SIOI 

£j m&m axwoi gai^i am h eh pmos^ nmoszioii e^uim ^ae 2011 mmo\ oh^ sf& s^bis.^^ =?mo\ m^sm. 

(57) 8^S| Hfl 

1. 

PEfgJ 3IB6K)II S^S^ am M EH Oil 210UH. 

ej^^isoii seem, aaaaa ns&i 3^2^ ^ oi xia^sa ±g am an sera* Ahoisi &m ?\\mm m^m\= an 

am ££^¥; 

an am ^^¥£1 m^m %^2.^o\o\ an a a a- xiaa Mo\m ^ss^ ai2 aae aasjt X112 am g&¥; 

#:>! ai2 asa aasse oi-oi #31 xii 1 ssa xiaawoisi a^aiae ^xis= #21 ai2 siih bsfvsi #5*011 sjsioi asaa 

31- na& Mo\m ^goffe e^aem «#8^ an ya¥; a 

#21 an »a¥2i m^m yashfe 1112 M¥ 

S SBofOj 0l¥OiX|^ r^S^ 2S|S 4H^EH 



g^?B 2. 

ai 1 mow 9xo\m, 
m\ an am £^¥^. 

S^SM 73 a & AhOI CHI *\M^ eitHEi ^SaCN, 2^2| :HI0|^hr 5§2§ S^SJOi #31 °<^<M^0]| 3&S^ XI1 1 PMOS; 91 
XI1 1 NMOSM S88KH 0l¥OjXj^ 51 ^S2^ 6fe £^ ^£31- am 

S^S 3. 

HI 1 SOII 2JOIAH, 

#31 XII 2 BHH £^¥£r. 

&j\ ai 1 aaa was- moioii eitHEi ^^i^j ^ioim^ 4^1 xin bii^ £^¥°j s^boii g§2§ ^^a^ X112 pmos ^; 

XII 2 NMOSM fiiofOI OI^OIXI^ 51 6fe 2^ ^GIH fill^ 4HHEI. 



S^S 4. 

oj^a^oii i&ou, naaa xna^e ae^s ©k« aasaa ^§ emu xin aaa aaa am 21 a« eii^# #^s^ an am 
^,01 xii 1 am ^^¥^i ^j^^^s^oj na&a- xin as* moim ^iafb xii2 am ^^¥; 

^^l SXI^?j£f 22^1 2§!2£ ohOI ^,01 XI! 1 a^Hf Ha^AfO|£| ltX\t: &D\ XII 2 am £^¥2] #^0j| sis^oi na^m s 

Xie^l AlOlfi xin °J2¥; §y 

^>oi xin ^a¥2i yas^ xii2 M¥i sso^oi oi^oiaa. 

XII 4 SOII SiOlAi, 

m\ an am ^^¥^, 

na^3i sxi^i Ami oil ojwe-i 2^3Qi. ^ioi^^ s§£^ s^^oj ^oi £j^£]ii>oii g&s^ an pmos; a 
an nmoss sss^oj oi^chxi^ 51 6^ s^j ^e^h am 4Hhei. 
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J9i2 aiu e«¥W2 aiHi b»¥S&j» hm as- afoioii sjgs ejbHB aasoi, *ws\ jnoisfe 4pi «n aim a&¥£i s^e+oii i§ 
aiab m 2 pmos si; 

HI 2 NMOS« SSofOI Ol^OiXlte 21 ^§°£ 5fe eaj ^2^1 ^iS 31 HI -HHEI. 
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